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Abstract
The cosmological creation of primordial vector bosons and fermions is described
in the Standard Model of strong and electro-weak interactions given in a space-
time with the relative standard of measurement of geometric intervals. Using the
reparametrization - invariant perturbation theory and the holomorphic represen-
tation of quantized fields we derive equations for the Bogoliubov coefficients and
distribution functions of created particles. The main result is the intensive cos-
mological creation of longitudinal Z and W bosons (due to their mass singularity)
by the universe in the rigid state. We introduce the hypothesis that the decay
of the primordially created vector bosons is the origin of the Cosmic Microwave
Background radiation.
1. Introduction
It was the main achievement of the Hot Big Bang Cosmology to predict the Cosmic Mi-
crowave Background (CMB) radiation which is at the moment the one of the testable
results of the physical cosmology of expanding universe. The observation of CMB has
disfavored alternative cosmologies like the conformal-invariant Hoyle-Narlikar type cos-
mology [1]. The later has recently been generalized and successfully applied to a descrip-
tion of supernova data for high redshift [2] without the Λ term thus solving one of the
major problems of the Standard Cosmology [3]. In this Conformal Cosmology, Hubble
law is explained by the cosmic evolution of elementary particles masses. The question
arises about the origin of the CMB in the context of the Conformal Cosmology. In the
present work we consider the simplest Scenario where the physical reason of CMB is the
cosmic creation of primordial longitudinal vector bosons. Among the matter fields there
is only one longitudinal component of the vector bosons has the singular behavior of the
integral of motion in the vicinity of the cosmological singularity [4, 5].
The problem of cosmological particle creation was considered in literature mainly for
scalar and spinor particles, see for instance [6, 7, 8, 9]. In this paper, we give a systematic
description of the cosmological creation of the massive vector bosons and fermions in the
Standard Model of strong and electroweak interaction. Our consideration of this problem
differs from other calculations by i) the conformal symmetry [10], ii) the reparametrization
- invariance [11, 12], and iii) the holomorphic representation of quantized fields [13].
The conformal symmetry was introduced in the theory of gravitation by Weyl in
1918 [14], and it means that we can measure only a ratio of two intervals. However,
the Weyl theory had the defect of an ambiguous physical time marked by Einstein in his
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comments to paper [14]. The conformal invariant theory of gravitation with an unam-
biguous physical time was considered in paper [10] on the basis of the conformal invariant
theory of a massless scalar (dilaton) field [15] with a negative sign.
The dilaton theory of gravitation is mathematically equivalent to the Einstein theory,
and all the solutions of one theory can be obtained from the other by conformal transfor-
mations. In particular, the homogeneous approximation in Einstein’s theory corresponds
to the lowest order of the reparametrization - invariant perturbation theory in the flat
space-time, in the conformal invariant theory, where the homogeneous dilaton field forms
all masses including the Planck mass. The corresponding Conformal Cosmology [3] gives
the cosmic evolution of all masses [1] with respect to observable conformal time with the
Hubble parameter H0 = m
′/m, instead of the cosmic evolution of the scale factor, in the
Standard Cosmology.
The considered perturbation theory keeps the main symmetry of all metric gravitation
theories- the invariance with respect to reparametrizations of the ”coordinate time”. Just
this invariance leads to the energy constraint that connects the total energy of all fields in
the universe with the energy of the dilaton and converts it into the evolution parameter
of the history of the universe.
The content of the paper is the following. In Section 2, we formulate the conformal -
invariant version of the Standard Model unified with the dilaton version of Einstein theory.
Section 3 is devoted to the reparametrization - invariant perturbation theory as the basis of
the Conformal Cosmology. In Section 4, we derive equations of the cosmological creation
of vector bosons and fermions. In Section 5, we solve these equations for the early universe
in the rigid state.
2. Conformal General Relativity
















where LCSM(f) is the gauge-invariant and conformal-invariant Lagrangian density of the
Standard Model depending on the set of fields f = (g, v, ψ,Φh): the tensor (g), vector
(v), spinor (ψ), and Higgs (Φh) fields, respectively, (yh ∼ 10−17) is the order of the ratio









This theory is invariant with respect to conformal transformations, and it is given in the
Weyl space of similarity with the relative standard of the measurement of intervals as the





The conformal invariance allows us to remove one of the field variables. In particular, one
can suppose the gauge
Φw(x) = ϕ0 (4)
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that converts the conformal invariant theory (1) into the Einstein theory with the Stan-
dard Model of strong and electroweak interactions














However, the relative standard (3) forbids us to use the gauge (4) that violates the confor-
mal symmetry from very beginning by the introduction of the dimension constant ϕ0 (4)
as the new fundamental parameter of the theory. As the ratio (3) in the geometry of
similarity depends on nine components of the metric tensor, the relative standard mea-
surement of intervals allows us to remove only one variable from the metric tensor. In
particular, for measurements of the space-time we can use the Lichnerowicz conformal-
invariant interval [16]
(dsL)2 = gLµνdx
µdxν ( fLn = fn|(3)g|n/6, gLµν = gµν |(3)g|−1/3, |(3)gL| = 1 ) , (6)
where (n) is the conformal weight being equal to (1, 3/2, 0,−2) for the scalar, spinor, vec-
tor, and tensor field respectively. The Lichnerowicz interval depends on nine components
of the metric gLµν .
Then instead of the Einstein theory (5), we get the conformal-invariant theory in terms















µν + LCSM(fL)− λ
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Nevertheless, the two theories (5) and (7) are mathematically equivalent, and all the so-
lutions of one theory (5) can be obtained from the other (7) by conformal transformations.
In the following, we consider the problem of cosmological creation in the framework of the
dilaton theory (7). The spontaneous gauge symmetry breaking in the Einstein theory (5)
corresponds to a similar gauge symmetry breaking in their conformal version (7). So, in



















(∂µvν − ∂νvµ)(∂µ′vν′ − ∂ν′vµ′)gLµµ′gLνν′ + ıψ¯gLµνγµDνψ (9)
is the kinetic Lagrangian density of free bosons and fermions, D is the covariant Fock
derivative, and the last two terms are mass contributions to the Lagrangians with (yv)
and (ys) being the dimensionless coupling constant of the dilaton interaction with vector
bosons and fermions.
3. Reparametrization-Invariant Perturbation Theory
3.1. Conformal Cosmology
The cosmological applications of conformal gravity are based on the perturbation the-
ory [13] that begins from the homogeneous approximation for the dilaton and metrics
ΦL(t, x) = ϕ(t), NL(t, x) = N0(t), g
L
ij = δij , (10)
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where the conformal - invariant interval reads
ds20 = dη
2 − dx2i , dη = N0(t)dt . (11)
This perturbation theory is invariant with respect to reparametrizations of the ”coordinate
time” t→ t¯ = t¯(t).
The substitution of the ansatz (11) into the action (8) leads to the action of free fields






















L⊥vec + L||vec + Lrad + Lfrm + Lgrv
)
, (13)






























are Lagrangians of the transversal (L⊥vec) and longitudinal (L||vec) components of the Z,W-
bosons [5, 4],
Lfrm = ψ¯(−ysϕ− γ0
N0
∂0 + iγj∂j)ψ (15)
is the Lagrangian of fermion fields, where the role of the masses is played by the homo-
geneous dilaton field ϕ multiplied by dimensionless constants yv,s, Lrad is the Lagrangian









(hii = 0; ∂jhji = 0) , (16)
is the Lagrangian of gravitons as weak transverse excitations of spatial metric. The last
two equations follow from the unit determinant of the three-dimensional metric (6) and
from the momentum constraint [13]).
To find the evolution of all fields with respect to the proper time η, we use the Hamil-























where H is a sum of the Hamiltonians of ’free’ fields, and f labels the particle species.
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= 0 ⇒ ϕ′2 = H¯(ϕ)
V0
:= ρ(ϕ) , (18)
where the prime denotes the derivative with respect to the conformal time η.
The redshift and the Hubble law in the conformal-invariant theory (8) mean the change
of the size of atoms in the process of evolution of elementary particle masses formed by
the dilaton [3, 10] like in the Hoyle-Narlikar cosmology [1].
3.2. Holomorphic Representation of Quantized Fields
The diagonalization of the Hamiltonian and the corresponding density (18) are achieved











a+f (−k, t) + a−f (k, t)
)
, (19)
where ωf(ϕ, k) =
√
k2 + y2fϕ
2 are the one-particle energies for particle species f = h, γ, v, s





, C(f=γ,s)(ϕ) = 1, C
T






The last coefficient (C ||v ) represents the mass singularity of the longitudinal component of






































(a+ς aς − dςd+ς ) , (21)
NˆJs are operators of the number of bosons (J = B) and fermions (J = F ), and











ς − aςaς), CˆJ=Fς = ı(a+ς d+ς − dςaς) (23)
are terms responsible for particle creation;





∆||v(ϕ) = ∆h(ϕ)−∆Tv (ϕ) , (26)











where ϕI and ωI are initial data.
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4. Cosmological Pair Creation
4.1. Bogoliubov Quasiparticles
The local equations of motion of systems (17) can be written as [13]
−ı d
dη
χς = −ıχ′ς = Hˆς(ϕ)χς , (28)


















for bosons (B) and fermions (F ), respectively. Exact solutions of these equations of
motion were obtained by their diagonalization with the Bogoliubov transformations [13]








ψς ≡ H¯ςψς , (30)
where H¯ς is required to be diagonal
H¯ς =

 ω¯ς , 0
0, −ω¯ς












The Bogoliubov parametrizations for the coefficients are
b+ς = cos(rς)e
−iθςd+ς + ı sin(rς)e
iθςaς ,
cς = cos(rς)e
iθςaς + ı sin(rς)e
−iθςd+ς , (32)
(and the Hermitian conjugate) for fermions, and
b+ς = cosh(rς)e
−iθςa+ς − ı sin(rς)eiθςaς ,
bς = cosh(rς)e
iθςaς + ı sinh(rς)e
−iθςa+ς (33)
for bosons. We get two equations for two unknown functions rς , θς for each ς
[ως − θ′ς ] sinh(2rς) = ∆′ς cos(2θς) cosh(2rς),
r′ς = −∆′ς sin(2θς) (34)
for bosons, and
[ως − θ′ς ] sin(2rς) = ∆′ς cos(2θς) cos(2rς),
r′ς = −∆′ς sin(2θς) (35)
for fermions.
The two main consequences of the diagonalization are the integrals of motion of the
type of numbers of the Bogoliubov quasiparticles and the possibility of choosing initial
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data as ”vacuum” of the Bogoliubov quasiparticles that is well-known as the ”squeezed
vacuum” [13]
bς |0 >sq= 0 . (36)
In the case of the vacuum initial data (36), the Bogoliubov equations (34) are closed by






ως(ϕ)sq < 0|Nˆς |0 >sq= ρ(ϕ) . (37)
The number of particles created during the time η is
N (B)ς (η) = sq < 0|Nˆ (B)ς |0 >sq −
1
2
= sinh2 rς(η) (38)
for bosons, and
N (F )ς (η) = sq < 0|Nˆ (F )ς |0 >sq +
1
2
= sin2 rς(η) (39)
for fermions respectively.
4.2. The redshift representation
To compare with the present-day cosmological data ρ0 and ϕ0, it is useful to rewrite the
Bogoliubov equations (34) in terms of the redshift z and the ratio of densities Ω(z) defined
as














= (z + 1)
√
Ω(z)H0 , (41)
where H0 = ϕ
′
0/ϕ0 is a value of the present-day Hubble parameter. All equations can be













rς = − sin(2θς) d
dz
∆ς , (42)
where z′ is determined by eq. (41).
4.3. The vacuum initial data
In the case of the early universe, we have a large current Hubble parameter (41) or small
one-particle energies ∆′ >> ω. To analyze the Bogoliubov equations (34) in this case, we
change variables (r, θ→ C,N )
cos(2θς) sinh(2rς) = Cς , sinh(2rς) =
√
N (N + 1) . (43)
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C ′ς , N ′ς = −∆′ς
√
4Nς(Nς + 1)− C2ς . (44)
In the limit of the early universe (∆′ >> ω), eqs. (44) reduce to





4Nς(Nς + 1)− C2ς . (45)
A general solution of these equations is




e−2∆ς , Cς = const . (46)
From equations (46) it follows that the ”vacuum” initial data (36) Nς(η = 0) = 0 mean
that Cς(η = 0) = 0. In terms of r and θ this corresponds to the initial cosmic data




The solution (46) to eq. (45) for ω = 0 can be treated as the Goldstone mode that rejects
the symmetry breaking with respect to translations in time. The numbers of created
particles for the large Hubble limit are determined by the vacuum solutions




In accordance with equations (38) and (39), we have
N (B)ς = sinh2∆ς(ϕ), N (F )ς = sin2∆ς(ϕ) . (49)









It is easy to see that the relativistic limit of large momenta makes impossible the cosmo-
logical creation of all particles except for gravitons and longitudinal bosons in accordance
with their mass singularity [5, 4].
5. Early Universe Scenario
5.1. Rigid state
From the action considered (8) one can see that, at the beginning of time η ∼ 0, the
dilaton goes to zero ϕ ∼ 0 together with the potential energy; whereas the kinetic energy
of gravitons goes to infinity as ∼ 1/ϕ2, Nh ∼ 1/ϕ2. This behavior is well known [17] as
the anisotropic homogeneous excitations of metric with the rigid equation of state (the
Kasner stage). This corresponds to the behavior of the conformal density (40)
Ω(z) = ΩA(z + 1)
2 , ΩA ≤ 1 , (51)
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= (z + 1)2
√
ΩAH0 . (52)








where we introduced values of the initial Hubble parameter HI , initial time ηI , initial
z-factor (zI + 1), and initial boson mass mv(zI)
HI = H(zI) =
1
2ηI
= (zI + 1)
2H0
√







To isolate the point of singularity, we shall consider the beginning of time η = 0 in eq. (53)
with the initial value for dilaton ϕI as the beginning of the creation of the primordial vector
bosons with the initial data (47).
In the anisotropic era, the Bogoliubov equations (34) for the numbers of created vector
bosons (longitudinal (||), and transversal (⊥)) can be rewritten in terms of dimensionless
variables and parameters




























2(1 + τ + x2)
]
, (58)
and with the vacuum initial data (47) (see Appendix A). The form of these equations
shows us that the unit value of parameter γu is distinguished. This value of corresponds
to the primordial z−factor (zI + 1)3 = mv/H0 ∼ 4× 1043. In the following we study the
cosmological creation of vector bosons for the universe in rigid state considered.
5.2. Creation of vector bosons by the anisotropic universe
The duration of the creation of bosons is limited by their lifetime τL = ηL/ηI . To estimate
roughly this time ηL, we use the lifetime of W-bosons in the Standard Model at this
moment




where θW is the Weinberg angle, αQED = 1/137, and zL is the z-factor at this time. Using
eqs. (53), (54)), and the equality ηImW (zL) = (γu/2)(zI + 1)/(zL + 1), we rewrite the
previous equation in terms of the z-factor











The solution of this equation (59) is


















− 1 , (61)
or for γu = 1, τL = 15.
The numerical calculations of the Bogoliubov equations (34) for the vector boson distri-
bution functions N || and N⊥ are given on Fig.1 (left panels) for the values of momentum
and mass (γu = 1)
q = 1.25 mv(zI), mv(zI) = HI . (62)
We can see that the longitudinal function is greater than the transversal one.
The momentum dependence of these functions at the time τ = 14 is given on the
right panels of Fig.1. Upper panel shows us the intensive cosmological creation of the
longitudinal bosons in comparison with the transversal ones. This fact is in agreement
with the mass singularity of the longitudinal vector bosons discussed in papers [4, 5].
One of the features of this intensive creation is a high momentum tail of the momentum
distribution of longitudinal bosons which leads to a divergence of the density of created








N ||(q, ηL) + 2N⊥(x, ηL)
]
. (63)
The divergence is a defect of our approximation, where we neglected all interactions of
vector bosons, that form the collision integral in the kinetic equation for the distribution
functions.
In order to obtain a finite result for the density we suggest to multiply the primordial





















































The problem is to find the value of this density.
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Figure 1: Time dependence for the dimensionless momentum x = 1.25 (left panels) and
momentum dependence at the dimensionless time τ = τL = 14 (right panels) of the
transverse (lower panels) and longitudinal (upper panels) components of the vector boson
distribution function.
Our calculation presented on Fig.1 signals that the density (65) is established very
quickly in comparison with the lifetime of bosons, and in the equilibrium there is a weak
dependence of the density on the time (or z-factor). This means that the initial Hubble
parameter HI almost coincides with Hubble parameter at the point of the saturation Hs.
For example we calculated the values of integrals (63) for the regularization parameter
T = mv(zI) = HI . (67)







[1.877]|| + 2[0.277]⊥ = 2.432
}
, (68)
where we denote the contributions of the longitudinal and transverse bosons by the labels
(||, ⊥).
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After the time τL primordial bosons decay. The final product of the decay of the
primordial bosons includes photons. If one photon goes from the annihilation of the
products of decay of W± bosons, and another photon - from Z bosons, we can expect
the density of photons in the Conformal Cosmology with the constant temperature and














{2ζ(3) = 2.402} . (70)
we can estimate the regularization parameter T . One can see that this parameter is the
order of the temperature of the cosmic microwave background
T = TCMB = 2.73 K. (71)
We can speak about thermal equilibrium for the primordial bosons with a temperature
Teq, if the inverse relaxation time [18]
η−1rel (zI) = σscatnv(Teq) (72)
where the scattering cross-section of bosons in the considered region is proportional to





is greater than the primordial Hubble parameter HI . This means that the thermal equi-









The right hand side of this formula is an integral of motion for the evolution of the universe
in the rigid state. The estimation of this integral from the present values of the Hubble
parameter and boson mass gives the value
(m2W (zI)H(zI))
1/3 = (m2W (0)H0)
1/3 = 2.76 K. (75)
Thus we conclude that the assumption of a quickly established thermal equilibrium in the
primordial vector boson system may be justified since T ∼ Teq. The temperature of the
photon background emerging after annihilation an decay processes of W± and Z bosons
is invariant in the Conformal Cosmology and the simple estimate performed above gives
a value surprisingly close to that of the observed CMB radiation.
A more detailed investigation of the kinetic processes which govern the transition from
the primordial vector boson era to the photon era can be based on a solution of the
corresponding kinetic equations [19] and will be given elsewhere.
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6. Resume´
We considered the simplest Cold Universe Scenario where the physical reason of CMB is
the cosmic creation of primordial longitudinal vector bosons. Among the matter fields
there is only one longitudinal component of the vector bosons with the singular behavior
of the integral of motion at this region. To see this singularity, we consider only the
mass term for the time component v0 that is proportional to the time derivative of the
longitudinal component (due to the constraint v0 ∼ v˙||). The toy Lagrangian of the
conformal universe filled in these bosons takes the form


















] = 0 . (78)




)] = Pv. (79)
In terms of this integral of motion the Lagrangian (76) and the energy of matter takes






Whereas the motion equation for the dilaton (77) becomes the trivial equation for the
square of the dilaton
d2(ϕ2)
dη2
= 0 , (81)
A solution of this classical equation is defined by an initial position ϕI and velocity HI of
the dilaton
ϕ2(η) = ϕ2I(1 + 2HIη) (82)
HI is coincide with the initial Hubble parameter ϕ
′
I/ϕI .
The numerical solution of the exact Bogoliubov equations shows us that the temperature
equilibrium is established so quickly that the z-factor and the Hubble parameter almost





1/3 = 2.76 K (83)
which almost coincides with the present-day value of the cosmic microwave radiation.
Thus, in the context of the relative standard of measurements and the Conformal
Cosmology, the estimations of temperature and density of the primordial vector bosons
shows us that the origin of the cosmic microwave radiation and the observable matter
in the universe can be seen in the decay of the primordial vector bosons into photons,
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leptons, and quarks. These primordial vector bosons created by the conformal universe
at the time ηI = 10
−12 that correspond to the initial z-factor






' 3.5× 1014 . (84)
It would be interesting to explain the baryon asymmetry of the universe by the topologi-
cal winding number functional of the primordial bosons [20] and the superweak interaction
of d and s-quarks (d + s → s + d) with CP-violation, experimentally observed in the
decays of K mesons [21].
It is worth to emphasize that in the considered model of the Conformal Cosmology [3],





with the constant temperature Teq = 2.73 K = 2, 35 × 10−13 GeV, where mera(0) is a
characteristic energy (mass) of an era of the universe evolution.
Eq. (85) has the important consequence that all those physical processes which concern
the chemical composition of the universe and which depend basically on Boltzmann factors
with the argument (m/T ) cannot distinguish between the Conformal Cosmology an the










This formula makes transparent that in this order of approximation a z-history of masses
with invariant temperatures is equivalent to a z-history of temperatures with invariant
masses. we expect therefore that the scenarios developed in the Standard Cosmology for,
e.g. the neutron-proton ration and primordial element abundances can be reproduced in
the Conformal Cosmology as well.
An important new feature of the Conformal Cosmology relative to the Standard one is
the absence of the Planck era, because the Planck mass is not a fundamental parameter
but only the present-day value of the dilaton field [3, 10].
7. Conclusion
We show that the conformal symmetry, reparametrization - invariant perturbation theory,
and the mass-singularity of longitudinal components of vector bosons lead to the effect of
intensive creation of these bosons with the temperature (m2WH0)
1/3 ∼ 2.73 K and density
which resemble physical properties of the cosmic microwave background radiation.
We have shown that, in the space-time with the relative standard of measurement, the
number of particles and the temperature are determined by the initial data of the universe;
whereas the laws of nature, i.e. the equations of motion, are conformal-invariant and do
not contain any dimensional parameter.
The primordial boson ”radiation” is created during a conformal time interval of 2 ×
10−11sec and subsequent annihilation and decay formed all the matter in the universe.
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The further of the z-history of the conformal universe repeats that of the Friedmann
universe, with the difference : instead of the z-dependence of the temperature in expanding
universe with the constant masses in the Standard Cosmology, in Conformal Cosmology
we have the z-history of masses in a static universe with almost constant temperature of
the photon background.
In the lowest order the formulae of Conformal Cosmology are mathematically equivalent
to the ones of Standard Cosmology and lead to the same experimental consequences. How-
ever, they describe different physical pictures like epicycles of Ptolemaeus and Copernikus.
Both the Weyl principle of relativity of standards of measurement and the Copernikan
principle of relativity of positions shift the dynamics to the observer. On the contrary, the
absolute standards of measurements as e.g. the Planck mass ϕ0 and the absolute position
of the Earth create the illusion of the dynamics of the external nature (the universe is
expanding, or the Sun is rotating around the Earth), while the observer is at rest.
The Conformal Cosmology provides definite solutions to the problems of Standard
Cosmology. The Minkowski flat space has no horizon problem. The problems of the
Planck age also do not exist as the Planck mass is not a fundamental parameter of the
theory but only the ordinary present-day value of the dilaton field.
In the resent paper we have added to this appealing concept of Conformal Cosmology a
physical mechanism of the matter content of the universe by pair creation of longitudinal
vector bosons from the dilaton field which, in particular, gives a surprisingly good estimate
the temperature CMB radiation.
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Appendix A
The Bogoliubov equations for vector bosons in terms of dimensionless variables and pa-























































1 + τ + x2
sin(2θ⊥v ) .




mW := γsmW (γs ' 2) ,
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γ2s (1 + τL) + x
2 −
√




[1] J.V. Narlikar, Space Sci. Rev. 50 (1989) 523.
[2] A.G. Riess et al., Astron. J. 116 (1998) 1009;
S. Perlmutter et al., Astrophys. J. 517 (1999) 565.
[3] D. Behnke et al., Phys. Lett. B (2001) (submitted), gr-qc/0102039.
[4] V.I. Ogievetsky, I.V. Polubarinov, ZHETF 41 (1961) 246;
A.A. Slavnov, L.D. Faddeev, TMF 3 (1970) 18.
[5] H.-P. Pavel, V.N. Pervushin 1999, Int. J. Mod. Phys. A 14 2285.
[6] K.A. Bronnikov, E. A. Tagirov, Preprint JINR P2-4151, Dubna, 1968.
[7] G.L. Parker, Phys. Rev. Lett. 21 (1968) 562, Phys. Rev. 183 (1969) 1057, Phys. Rev.
D 3 (1971) 346.
[8] A.A. Grib, S.G. Mamaev, V.M. Mostepanenko ”Quantum effects in intensive external
fields” (Moscow, Atomizdat, 1980) (in Russian).
[9] Ya.B. Zel’dovich, A.A. Starobinski, ZHETF 61 (1971) 2161.
[10] M. Pawlowski, V.V. Papoyan, V.N. Pervushin, V.I. Smirichinski, Phys. Lett. B 444
(1998) 293.
[11] L.N. Gyngazov, M. Pawlowski, V.N. Pervushin, V.I. Smirichinski, Gen. Rel. and
Grav. 30 (1998) 1749.
[12] M. Pawlowski, V.N. Pervushin, Int. J. Mod. Phys. 16 (2001) to be published; [hep-
th/0006116].
[13] V.N. Pervushin, V.I. Smirichinski, J. Phys. A: Math. Gen. 32 (1999) 6191.
[14] H. Weyl, Sitzungsber.d. Berl. Akad., (1918) 465.
16
[15] R. Penrose, ”Relativity, Groups and Topology”, (Gordon and Breach, London, 1964);
N. Chernikov, E. Tagirov, Ann. Ins. Henri Poincare, 9 (1968) 109.
[16] A. Lichnerowicz, Journ. Math. Pures and Appl. B 37 (1944) 23.
[17] C. Misner, Phys. Rev. 186 (1969) 1319.
[18] J. Bernstein, ”Kinetic theory in the expanding universe” (Cambridge University
Press, Cambridge, 1985).
[19] For recent kinetic formulation of pair production in strong field, see S. Schmidt,
D. Blaschke, G. Ro¨pke, A.V. Prozorkevich, S.A. Smolyansky, V.D. Toneev, Phys. Rev.
D 59 (1999) 094005.
[20] V. A. Matveev, V.A. Rubakov, A.N. Tavkhelidze, M.E. Shaposhnikov, Usp. Fiz. Nauk
156 (1988) 253.
[21] L. B. Okun, ”Leptons and Quarks” (Moscow, Nauka, 1981) (in Russian).
17
